Learning anatomy is essential in medical schools, and even more so for budding surgeons. Much has been discussed regarding the updated curriculum, and whether the pedagogies should be based upon cadaveric, and/or multimedia, or hybrid approaches. Much debate has also been centered on who is best qualified to teach. While all these are important, the setting is also critically important for the medical students and surgical trainees. Therefore the overarching issue is whether all these activities should be held in the dissection room, the operating theatre or the classical "Theatrum Anatomicum"? What are the key experiential learning differences in picking up anatomical knowledge in the various venues listed above? This paper will provide some insights for teachers and students of human anatomy, and some ideas for the future planners and developers of anatomy learning centers internationally.
INTRODUCTION
Traditionally, medical students have been learning human anatomy in a passive manner in the anatomical theatre where the professor lectured and barber surgeon demonstrated key structures in the cadaver [1] . This subsequently has changed due to more students and fewer tutors in place doing the teaching [2] . In brief, the anatomical education has been radically transformed worldwide [3, 4] . Innovative practices include self-directed learning with resources for the students while the anatomy demonstrators roam around the lab clarifying doubts [5] . The above learning often takes place in the dissection room, a venue that has lost much of the aura that is used to instill diligence and respect [6] . Interestingly, there are now attempts to revive this learning atmosphere. Dubbed the "Theatrum Anatomicum" in one of the German universities, this allows the participants to behave as if they are in the operating theatre, to be observant and as sterile as possible, in a sense preparing them for their future surgical placements [1] .
Currently, due to a lack of human bodies, attempts are made to keep the cadavers for as long as possible, which mean it is necessary to embalm the bodies. This creates the "smell" and the body in a state that is quite "unreal", given that the texture, feel and warm of the living skin are missing [7, 8] . It is therefore not surprising that some students are put off as they do not even come for their dissection sessions at all. As some of these students will later on become physicians or psychiatrists, they wrongly perceive the subject matter to be of little concern to them. Understandably, physiology, pathology, pharmacology and biochemistry excite them more. However, the absence of a budding surgical trainee from the dissection hall is a matter of grave concern. With this question in mind, it is time to reassess if the venue for the teaching of anatomy is truly optimal.
Most clinical anatomists recommend that professional anatomists should work in close co-operation with their surgical colleagues so that the subject can be taught in a clinically relevant manner. Practicing surgeons understand troublesome issues and therefore are better positioned to teach medical students the anatomy for clinical practice. This is especially critical when it concerns minimal invasive procedures whereby all the anatomy that matters are seen through the monitor [9] . However the reality does not permit them to do so much teaching of anatomy as they have to worry more about patient's care, and workflow in the operating theatres. Therefore the issue is: how do we tap on these practitioner's insights and knowledge to distill their experiences and share them with the medical students? With these most relevant thoughts in mind, one of the authors (E.-T. Ang) decided to venture into "uncharted territories" away from the dissecting room, and lecture theatres, to become an "observer" in the operating theatre (OT).
In the name of learning anatomy, the followings were accounts of his observation of various surgical procedures:
1) Modified radical mastectomy with sentinel lymph nodes removal by Dr. Mikael Hartman.
2) Hernia repairs done via laparoscopic and open approaches by Dr. Seow Choon Sheong.
An attempt was then made to highlight the typical learning experience in the dissection room after each relevant section, so that readers can appreciate the stark learning differences taking place at the different venues.
PROCEDURES IN THE PECTORAL REGION

Mastectomy
Firstly, one had to scrub, gown and put on gloves in a sterile manner. This added to the sense of anticipation and the desire to observe what is to happen before one's eyes. After induction of anesthesia, the surgeon and his assistants injected methylene blue dye into the patient's diseased breast so that it will track into the lymphatic vessels which drain into the sentinel nodes [10] . The latter are the first lymph nodes that the lymphatic vessels will empty into and if found diseased, then metastasis would have already taken place and will change the treatment plan to include follow up with radiotherapy and/or chemotherapy. However, all these frozen samples are first viewed and verified by the pathologist.
Positions were taken up by the team and standard operating procedures necessitate all present to declare their identities before the commencement of the surgery. Markings were made on the breast to be operated upon; a reminder that surface anatomy is very important as there is no room for error. The incisions were made, and with the use of cautery the skin was dissected from the underlying fascia, going deeper into the breast tissues. At this point, there is some bleeding, as the medial perforators from the internal thoracic (mammary) vessels are encountered, and these torn vessels had to be systematically cauterized, so as to allow the breast tissue to be separated from the underlying pectoral fascia. In summary, the arterial blood supply to the breast is as follows:
From the medial side of breast: mainly the internal thoracic (mammary) and from the lateral side of breast, branches of the lateral thoracoacromial and lateral thoracic arteries. The venous drainage of the breast is mainly into the internal thoracic vein, the axillary vein, and the vertebral plexus of veins via the segmental posterior intercostal route. The latter is clinically important as a possible route for metastatic spread to the spine in the absence of pulmonary metastases.
At this juncture, one has already learned much about surface anatomy, the skin, the underlying breast tissue, the retro-mammary space (bursa), and the underlying pectoralis major. All this is very intriguing for the observer, as he or she is now able to appreciate all these structures in a living person (patient) as opposed to the embalmed cadaver who tend to have atrophied breasts due to age and the preservation process.
Continuing on with the observation, the surgeon then proceeded to dissect out the sentinel lymph nodes that had been stained blue with the dye that were previously injected into the patient. The lymph nodes were examined and further dissected clean for the pathologist before sending them off to the laboratory for processing. In total, 2 -3 lymph nodes from the apical clusters were removed for the pathologist to determine if the cancer in the breast had metastasized to the secondary lymph nodes [11] . Once again, the students can learn more about the anatomy of the lymphatic system draining the breast region, as any disruption may possibly result in lymphedema of the limbs although there are accompanying controversies [12] [13] [14] [15] .
The surgeon then separated the breast tissue away from the pectoral fascia, in a medial to lateral direction, causing some bleeding from the internal thoracic vessels. These blood vessels were either directly cauterized or indirectly via contact with the forceps. While removing the lymph nodes, one had to be careful not to injure the thoracodorsal branch of the scapular artery because if ruptured, the repair can be a tedious process. Breast tissue was then reflected off to show the gross surface of the underlying pectoralis major (PM) muscle. In this particular case, the tumor had not penetrated through the fascia into the underlying muscle, thereby giving good justification to spare the muscles beneath. Conversely, when there is penetration of the tumor into the muscle, then a radical mastectomy would have to be performed (it is actually rarely ever performed these days). After about an hour of dissection, the breast was adequately separated from the patient leaving only some contact between the breast tail with the axilla. It is known that the pectoralis major (PM) forms the anterior fold of the axilla, and is inserted onto the lateral lip of the intertubercular sulcus of the humerus. With the removal of the breast, the surgical team now has a clear view of the PM muscle that runs from the sternum and clavicle, and to the humerus of the upper limb, forming the anterior fold of the axilla. It is helpful to understand the action of the PM, as the patient's upper limb must be placed in an abducted position, as this would elongate the PM and allow the breast lying on its surface to become taut, thus allowing the surgeon better access to the tumor. One learnt a lot more about the human breast from this observation in the OT, compared to reading an anatomy textbook. However, here the challenge has always been the number of undergraduate students that could be accommodated in this type of learning.
Cadaveric Dissection
After removing the skin and fascia in the region, attention was given to the origin and insertion of the muscles namely pectoralis major and minor. One could also clearly see the medial and lateral pectoral nerves that innervate the above muscles. This is possible as one could afford an extensive incision and a big window for observation without endangering life per se, and the enormous blood loss if done on a living person. In the axilla, one could discern the lymph nodes in this region as well but not before the removal of enormous amount of fat and finding the blood vessels. In the cadaver, as there is no pulse and depending on the state of the body, tissues can be difficult to differentiate, such as nerves from blood vessels and vice versa. The immediate advantage over the experience in the OT is the possibility to make mistakes. There is also the issue of clarity, which was evidently missing in the OT, when one had to observe the procedure from a distance unless one was actively assisting the surgeon by retracting the skin and holding other instruments in place. Most importantly, one could explicitly appreciate the functions of muscles, the line of pull, and the location of the brachial plexus. Without any doubt, the big picture view of the brachial plexus, which includes the roots, trunks, division and cords in relation to the axillary artery, and the branches (Musculoskeletal, Median, Ulnar and Radial) were clearly observable. These structures cannot be readily appreciated in the OT.
PROCEDURES IN THE ABDOMEN
Proceedings of Hernia Repair
Two cases were observed-an extra-peritoneal laparoscopic approach view and an open groin hernia. Both offered different perspectives to the surgeon and trainees. The open view had a shorter learning curve due to its intuitive nature as explained by the surgeon. In laparoscopy, the landmark anatomy was the inferior epigastric artery (which also defines the lateral edge of the inguinal (Hesselbach's) triangle. One did not have to expose the lateral structures in this region, including the iliohypogastric and ilioinguinal nerves.
The first procedure was done with key-hole openings below the umbilicus, with two other ports placed between the umbilicus and the pubic tubercle. Observation of the inguinal (Hesselbach's) triangle was made extraperitoneally via a live monitor, with a view of the inferior epigastric vessels as the guide. The surgeon explained that this is the superior method as it poses less risk to the peritoneum [16] . The hernia sac was isolated and subsequently dissected out; a mesh was inserted to cover the weak area. Every effort is made to avoid the triangle of doom (the external iliac blood vessels) and the triangle of pain (iliohypogastric and ilio-inguinal, femoral nerves) as there are reported cases whereby neighboring nerves were injured [17] . Interestingly, the corona mortis was picked up in this procedure by the surgeon [18, 19] . Learning anatomy in this manner was indeed difficult as the observer must first be oriented to the exact view shown on the monitor.
The second procedure was done via an open approach. The area was clearly marked out by the surgeon and this again reminded us all how important is surface anatomy. A small incision site was made through the skin, and the superficial fascia (Camper's & Scarpa's). The three layers of abdominal muscles (external, internal and transversus muscles) and the transversalis fascia were encountered. The conjoint tendon, the arcuate line of pelvis (can be palpated on a living person), inferior epigastric vessels (IEV), the superficial and deep inguinal ring, and the spermatic cord were pointed out by the supervising surgeon. At this juncture, the observer should have learnt about the differences between direct versus indirect inguinal hernia (with reference to the IEV). The hernia sac was isolated (without disrupting the content) and then repaired using the mesh. The latter was anchored to the lateral edge of the rectus abdominis, and then to the inguinal ligament. Subsequently, all the above layers were sutured and skin closed. In this way, the anatomy was learned in a straightforward manner without much difficulty.
In summary, observations and tutorial made in the OT reinforced the fact that knowing the groin anatomy is crucial to the skillful expertise of the surgeon [20] .
Cadaveric Dissection
As mentioned earlier, the immediate advantage in learning anatomy via this method was the opportunity to see the "Big picture" with no surgical drapes, or having to appreciate the structures through a small incision or looking at the video screen. Everything was open to dissection, with the possibility to retract structures out of the way to get a better view. The skin was removed, followed by the removal of superficial fatty (Camper) fascia before exposing the superficial membranous (Scarpa) fascia. The three layers of abdominal muscles, the conjoint tendon (contribution from the internal and transversus abdominis), the arcuate line below which the abdominal wall is deficient (all muscles now lie anterior to the rectus abdominis) leaving only the transversalis fascia were observed. The inferior epigastric vessels, branches from the external iliac vessels, were observed to be forming the lateral borders of the inguinal (Hesselbach's) triangle, before anastomosing with the superior epigastric vessels.
The deep and superficial rings were easily identified with the spermatic cord running between them, typically about 4 cm apart.
LEARNING IN THE LECTURE THEATRE
Learning anatomy in the lecture theatre is as follows. The lecturer outlines what would be discussed, and students are expected to follow what was presented via a system of slides, short video clips and some anecdotal clinical stories. A good lecturer can hold the student's attention if he or she is mindful of not overloading the student. However, this can be difficult due to a lack of proper resources such as good video clips from the dissection room and OT. To a certain extent some of these problems have been circumvented via the internet, as now one is able to harness the enormous amount of information from social media and YouTube. But a system like this could be quite difficult to achieve if there is no proper organization, or lack of internet connectivity as in many poorer parts of the world. Some of the advantages and disadvantages associated with learning anatomy in the lecture theatre are presented in Table 1 .
DISCUSSION
The "tutorials, lectures and practical class" system of education is tightly linked to many institutions of higher learning since the earliest times. The lecturer will deliver the content to the largest number of students possible at a single time. Subsequently, any doubts the students may have will be mitigated during the tutorials and practical classes. The subject of anatomy is however rather peculiar, as it is often geared towards surgical applications for the doctor. As such, there may yet be room for some innovations. Concomitantly, modern students are abundantly good at multi-tasking; there is now evidence to suggest that small group teaching via highly interactive media might be the superior pedagogy. Pertaining to anatomy education whereby graphics and sounds are highly desirable, and taught in a clinical context, would it not be optimal for all three to be presented at the same time? Such an approach has been well described in instances whereby a hybrid system was utilized to teach medicine and surgery via the internet [9, 21] . Concerted efforts of this scale can of course be very challenging, as the physical logistics matter, but these are not insurmountable as illustrated in numerous studies [22] [23] [24] [25] . Importantly, these efforts will lead to better learning outcome for students [26] .
There is also recent evidence to suggest that learning in a clinical context does help to improve motivation, inculcating "a deep approach" to the subject matter and better examination scores [27, 28] . Specifically up to 72% of medical students in a recent survey reported improving their knowledge of anatomy while in the operating theatre (OT) [29] . Conversely, students that were showed dissection videos during lecture did not show any improved exam scores [30] . Being in the OT, also rightfully reminds the student to behave professionally in a sterile environment [1] , and this becomes even more significant when they begin their surgical training.
Taken together, while the conventional way of teaching anatomy may be good, one should consider striving for better success at getting students to appreciate the subject better. One should aim to have hybridity in teaching anatomy so that students will understand from a surgical perspective. Online teaching might just be able to bridge many of the possibilities under the same roof for the medical students [31, 32] . Recent evidence also suggests that such multi-disciplinary approaches were found to be very enriching (see Figure 1 and Table 1) , especially for the surgical trainees [33] . Table 1 . The advantages and disadvantages of anatomy learning experiences: in the dissection room, in the lecture theatre and in the operating theatre. In the dissection room and operating theatre, one does not see students falling asleep! In the lecture theatre, although a truly conducive environment, there are times when one learns better with some background noises (alarms of the pulse oximeter or life support system going off), or even activities that can keep you on the edge including the presence of a cadaver (to be respectful in the presence of the dead!).
Advantages Disadvantages
In the dissection room
No confounding blood which will hinder observation of structures. Big picture anatomy not defined by small incisional window, hence able to make correlation to other neighboring structures, e.g. surface anatomy. Able to handle the structures and make tactile inferences. Alarms from the life support system can be distracting.
In the lecture theatre
Able to reach out to many students at one time, conversely, this can be very impersonal and lacks the warmth of small group teaching. Controlled environment with minimal distractions. 
CONCLUSION
In conclusion, we hope that the Deans of medical schools and Heads of Department of Anatomy will recognize that there are now new possibilities and innovative techniques for teaching of human anatomy, and one way might harness the power of the internet so that students can understand the subject much better.
